The aim of this study was to determine the effects of the oregano (OEO), cumin (CEO) and cinnamon (CINEO) essential oils on fermentation quality, metabolic energy (ME) contents and relative feed value (RFV) of alfalfa silages.
INTRODUCTION
Alfalfa (Medicago sativa L.) is the first among the feed plants being planted, and is usually used in animal nutrition in forms of dried hay or fresh forage. In recent years, in regions of high level of precipitation, silage production became widespread particularly in April-May months from first-cutting or lastcutting alfalfa (Kurtoglu, 2011) .
Alfalfa takes place in the category of difficultly ensilaged plants depending on the composition of its nutrients. However, very good results are obtained when various additives are used and ensilage is done in complete manner. Numerous chemical and biological based additives are used in silage production (Filya, 2000; Kurtoglu, 2011) . Due to some silage additives being banned due to having carcinogenic effect, it has brought up the search for alternative silage additives that are harmless for the environment, human or animals (Slottner and Bertilsson, 2006) . It has been stated that plant extracts contain essential oils and are used in many areas due to their antimicrobial effects for centuries (Davidson and Naidu, 2000) , that they are believed to be safe for human consumption in the European Union, and that their antimicrobial characteristics stem from the terpenoids (carvacrol, carvone, thymol, terpinene-4-ol) and from phenylpropanoids (cinnamaldehyde, eugenol, anethol) included in their structure (Busquet et al. 2005) . Kung et al. (2008) stated that the addition of 40 and 80 mg/kg essential oils mixture to corn silage did not affect the fermentation and aerobic stability of the silage. Chaves et al. (2012) added different amounts of essential oils of cinnamon leaf, oregano and sweet orange, and could not determine mould at 7 days of aerobic stability. Turan and Soycan Önenç (2018) stated that the addition of 300 mg/kg cumin essential oil into the last harvest (5 th harvest) provided the fragmentation of the cell membrane through the stimulation of cell membrane fragmenting enzymes, increased the number and activity by promoting the development of LAB, and correspondingly increased the transformation of sugar into LA, and that LA, found in the medium at high amount, inhibited protein fragmenting enzymes by decreasing pH level, and also decreased the fragmentation of proteins into ammonia.
This study was conducted to determine the effects of the essential oils of oregano, cumin and cinnamon on the fermentation quality, in vitro ME contents, and RFV of alfalfa silages as antimicrobial additives.
MATERIAL and METHODS

Preparation of additives
OEO, CEO and CINEO essential oils, the chemical composition of which are given in Table 1 , were added as additivies in an amount of 600 mg/kg wet chopped alfalfa, yet no additives were added to the CONT group.
Preparation of silages
Alfalfa was harvested in the end of April, at the early bloomstage, was wilted for 3 hours and chopped to approximately to a size of 2.0 cm. Essential oils were sprayed homogeneously onto alfalfa. Approximately 2 kg of sample was placed into a plastic bag and air was vacuumed out. Plastic bags were covered 10-12 times and finally with one layer of adhesive tape. 16 packages of silage, being 4 pacakages for each group, were kept in a covered storage (18±4 °C) for 60 days for fermentation.
Chemical and microbiological analysis After opening the silages, pH values were determined via a digital pH meter, buffer capacity (Bc) through the statements of Playne and McDonald (1966) , and LA was detected through spectrophotometric method (Barker and Summerson, 1941) . The NH 3 -N and WSC contents of silages were determined according to the methods stated in Anonymous (1986) . The aerobic stability test was carried out using the method developed by Ashbell et al. (1991) . LAB as well as yeast and mould analysis were determined through the method developed by Seale et al. (1990) , and total mesophilic aerobic bacteria (TMAB) was done according to Anonymous (2014) . TMAB, LAB, enterobacter, yeast and mould counts were transformed into colony forming unit (cfu/g). The DM was determined by drying the samples at 105 °C for 16 h. The crude protein (CP) content of feed samples were determined according to the methods of AOAC (1990) . The organic matter (OM), crude fibre (CF) and ether extract (EE) contents of the feed was determined by Nauman and Bassler (1993) . Nitrogen-free extract (NFE), hemicellulase and cellulase (Close and Menke 1986) was determined by calculation. Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) contents, which are components of the cell membrane of the samples, were determined according to the method stated by Van Soest et al. (1991) . The ESOM were determined via cellulase method (De Boever et al., 1986; Naumann and Bassler, 1993) . In the technique, pre-treatment with pepsin-hydrochloric acid solution, followed treatment by cellulase (Onozuka R 10 from Trichoderma viride, Merck).
Chemical components of the essential oils were detected via gas chromatography-mass spectrophotometer (GC / MS, HP 6890 GC / 5973 MSD) at the Ege University Center R&D and Pharmacokinetic Applications-Environmental & Food Analysis Laboratories-Food Control Laboratory (Bornova, Izmir, Turkey) according to the United State Pharmacopeia National Formularty.
Metabolizable energy and relative forage value estimating
In vitro ME contents in silages were calculated using crude nutrition components (CNC), NDF, ADF, ADL and ESOM determined because of chemical analysis according to the equation given below: ME ESOM , MJ/kg DM=0.54+0.001987 CP*+0.01537 ESOM*+0.000706 EE* x EE*-0.00001262 ESOM* x CA*-0.00003517 ESOM* x CP* (Jeroch et al., 1999) .
*(CP, EE, CA g/kg; ESOM in g/kg DM). ME CNC , kcal/kg OM= 3260 + (0.455 x CP* + 3.517 x EE*) -4.037 x CF* (Anonymous, 1991) , (*in OM g/kg). ME NDF , kcal/kg DM=3381.9-19.98 x NDF* (Kirchgessner et al., 1977) . ME ADF , MJ/kg DM= 14.70-0.150 x ADF* (Kirchgessner and Kellner, 1981) . ME ADL , kcal/kg DM=2764.4-102.73 x ADL* (Kirchgessner et al., 1977) .
* NDF, ADF and ADL in %, ME contents were translated into kilocalories.
Equations developed by Van Dyke and Anderson (2000) and given below were used in the determination of RFV. Firstly, digestible dry matter (DDM), secondly dry matter intake (DMI) was estimated and finally RFV was predicted.
DDM, % of DM = 88.9 -(0.779 x % ADF), DMI (as a % body weight) = 120 / % NDF RFV = %, DDM x % DMI x 0.775
Statistical Analyses
The statistical assessment of the data was calculated via SPSS v.18 (SPSS 2009) statistical package programme according to ANOVA procedures, and Duncan test was applied to the differences among the averages.
RESULTS
Wilting alfalfa (WA) was contained 28.07 % DM, 6.05 pH, 80 g/kg DM WSC and 728 MeqNaOH/kg DM Bc. CNCs of the alfalfa silages uncovered on the 60 th day of ensilage are given in Table 2 . While OM amount was found out to be high at CONT and CINEO groups, CA level was found low. In oregano and cumin groups; however, OM amount was low, and CA level was high. The highest CP levels of silages were determined in CEO and CINEO groups (P<0.05). EE contents of alfalfa silages in comparison to the CONT group revealed an increase of approximately 1% in OEO and CINEO groups. NFE contents of alflafa silages were found out to be significantly low in the experimental group in comparison to the CONT group (P<0.05). NDF and ADF contents of experimental groups increased according to CONT (P<0.05). In the research, there was no difference found out between CONT and OEO groups in terms of DM (Table 3) . On the other hand, the addition of cumin and cinnamon led to a significant increase in DM (P<0.05). The pH level of silages decreased significantly in comparison to the CONT group (P<0.05). In this research, the addition of oregano, cumin, and cinnamon essential oils at high level (high level, 600 mg/kg wet alfalfa; versus, 200 or 300 mg/kg wet alfalfa) caused an increase in LA, while the amount of WSC amount decreased inversely correlated with LA.
The NH 3 -N concentrations of the silages decreased in the experimental groups and the differences between the control silage and the essential oil added silage were significant only in the cinnamon group (P <0.05). The highest WL was determined in the between CONT group (1.91%) and the lowest in the cinnamon added group (1.39%). The addition of oregano and cumin also influenced the prevention of WL when compared to the CONT group (P <0.05).
The microbiological analysis results of alfalfa silages are given in Table 4 . The addition of oregano, cumin and cinnamon essential oils did not affect the TMAB numbers of alfalfa silages uncovered on the 60th day of ensilage, increased LAB numbers, and caused a decrease in the number of yeast and mould at a significant level (P <0.05). Enterobacter could not be identified in any group but it was found out that mould growth was high and that the addition of essential oil at high level decreased mould formation considerably but could not prevent it.
The addition of cumin and cinnamon essential oils increased the amount of ESOM (P<0.05). It is also seen that ME ESOM values are highest in cinnamon (P<0.05). ME contents calculated using different regression equations revealed differences in groups according to the equation used. .16 c P 0.001 0.001 0.001 0.001 0.001 0.001 CONT: control, OEO: oregano essential oil, CEO: cumin essential oil, CINEO: cinnamon essential oil, ESOM: Enzyme soluble organic matter, ± SEM, standart error of means, abc: Means with different letters in the same column are statistically significant (P<0.05). * ME contents were translated into kilocalories. The WA of alfalfa and DDM, DMI, and RFV of alfalfa silages are given in Table 6 . The DDM values of silages were found out to be between 64.14% and 67.62%. DMI values were found out to be 2.88%, 2.83%, 2.72%, and 2.77% for CONT, OEO, CEO, and CINEO respectively. The RFV of silages were determined as 150.88 for the CONT group, 140.68 for OEO treatment, 140.16 for CEO treatment, and 139.16 for CINEO treatment.
DISCUSSION
In the study, due to the OEO and CEO groups being prepared last, it may be due to containing more soil etc. that therefore they had more CA contents when compared to the other groups. In this case, the difference among OM values may be due to the difference among CA contents of groups. CP contents of silages were highest in CEO and CINEO treatments statistically when compared to the CONT group. However, when NH3-N levels in this period were analyzed, it was found out that CINEO addition appeared to be more effective in protein fragmentation. Hence, Turan and Soycan Önenç (2018) stated that the addition of 300 mg/kg CEO was effective on the prevention of protein fragmentation. In another study, the addition of OEO and CINEO on field pea at the end of 60 day ensilage decreased the level of protein fragmentation at a significant level (Soycan-Önenç et al., 2015) . The addition of cinnamon leaf oil to barley silage at different levels led to an increase in CP amount (Chaves et al., 2012) . In the study conducted, the effect of high level use of essential oils in alfalfa silages on CP amount, was consistent with OEO and CINEO used by Soycan-Önenç et al. (2015) , and the cinnamon extract used by Chaves et al. (2012) . Kung et al. (1991) determined that the addition of antibiotics caused a slight decrease in the amount of ADF. In the another study of Soycan-Önenç et al. (2015) , the addition of 400 mg/kg of OEO, CINEO, and OEO+ CINEO increased the NDF and ADF contents of the silages. Chaves et al. (2012) found out that the ethanol extract of cinnamon leaves decreased the NDF and ADF, while the higher level increased it, and that oregano and orange extracts also caused an increase in NDF and ADF levels. The level of increase in NDF and ADF determined in this study is compatible with the results of Soycan-Önenç et al. (2015) .
In the present study, the addition of OEO at high level was not effective on DM, was not compatible with the results of Soycan-Önenç et al. (2015), but CEO and CINEO revealed similarity. While pH level is expected to be 3.5-4.0 in a high quality silage, pH values of 4.0 and above are frequently in legume silages. The pH level of OEO and CINEO added field pea silages was found out as 4.4 and 4.47 (Soycan-Önenç et al. 2015) . Turan and Soycan Önenç (2018) determined that CEO decreased the pH level of alfalfa silages. In this study, the effect of essential oils on the pH level was compatible with the results of Soycan-Önenç et al. (2015) and Turan and Soycan Önenç (2018) .
In high-quality silages, the LA content should be above 2.0% (Alçiçek and Özkan, 1997) . When the limit values reported for LA are taken into consideration, the LA amounts obtained in all groups in the study are compatible with the study of Alçiçek and Özkan, (1997) . The use of OEO, CEO and CINEO at high level promoted LAB activities, and the increased LAB transformed WSC into LA. As a result, WSC decreased while LA increased. This result was similarly to Turan and Soycan Önenç (2018) .
In legumes harvested very early, CP contents being high (>23-24%) (since more acid is required to decrease pH at fermentation process due to the buffer capacity being high) may function as a limiting effect on fermentation (Kung and Shaver, 2001) . Cinnamon essential oil used in the study decreased the NH3-N amounts of alfalfa silages at the end of ensilage period. The reason of this is the prevention of proteolysis in silages with CINEO addition. Hence, Polan et al. (1998) reported that NH3-N amounts decreased when formic acid was added to alfalfa silages. In fact, essential oils have an antimicrobial effect similar to formic acid. Organic acids, particularly formic acid reveal antibacterial effect due to the hydrogen ion concentration in their structure and the selective bactericidal effect of the undissolved acid (Henderson, 1993) . Phenols within the structure of the essential oils break down of the membrane proteins in cell membranes. They cause failure in the mainly function of the cell by altering the transmittance of cations such as H + and K + (Helander et al, 1998) . It was suggested that the antimicrobial effect of cinnamaldehyde is related to interactions between proteins in the periplasm or in the inner part of the cell (Helander et al, 1998) . In this study the selective antimicrobial effect of CINEO on microorganisms causing proteolysis may be due to the presence of 44.17% cinnamaldehyde. Henderson (1993) stated that a good silage additive should be safe and reduce WL. When considered in this respect, the hypothesis that oregano, cumin and cinnamon essential oils may be an alternative silage additive is supported.
In this study, unlike the results of Chaves et al. (2012) , it was found out that TMAB counts were not affected; however yeast counts similarly decreased with the use of essential oils. Unlike Chaves et al. (2012) , LAB counts increased similarly to the results of Soycan-Önenç et al. (2015) and Turan and Soycan Önenç (2018) . Similar to this study, Chaves et al. (2012) also found that O. vulgare could not prevent mould growth. However, Turan and Soycan Önenç (2018) stated that 300 and 500 mg/kg of CEO prevented mould growth in alfalfa silages. Unlike the results of the present study, Soycan-Önenç et al. (2015) stated that OEO, CINEO and OEO+CINEO prevented mould growth in field pea silages. The antimicrobial effect of phenolic compounds such as thymol and carvacrol is reported to be higher than other secondary plant components due to the presence of the hydroxyl group present in their phenolic structures (Helander et al, 1998; Ultee et al, 2002 (2018) may be correlated similarly with the increase in the level used. LAB counts necessary for silage fermentation increased despite the high amount of essential oils, and this revealed that the use of OEO, CEO and CINEO in high amount had an incentive effect on LAB. Nadeau et al. (2000) determined that cynodon dactylon and alfalfa silages made by using formic acid led to an increase in the DM digestibility in ruminants. Soycan-Önenç et al. (2015) stated that while OEO and CINEO did not affect the ESOM contents of field peas in 60 day-ensilage, it led to an increase numerically in 120 days (Soycan-Önenç et al. 2017) . CEO and CINEO used in the study revealed a formic acid like effect, and increased the ESOM significantly in comparison to the CONT group. However, ME ESOM content calculated through ESOM amount increased in OEO and CINEO groups. The reason is that the levels of EE (Table 2) in the OEO and CINEO groups is higher than the others (see in ME ESOM equality). This result reveals that CINEO also affects the ME content of silage positively. While, the highest ME CNC , ME NDF ve ME ADF were determined in the CONT group, MEADL was determined in the cumin group. This was due to the CEO addition revealing a decreasing effect in ADL amount while it did not show the same effect in CF, NDF and ADF.
In this study, RVF of the CONT group was found out to be above 150, and it was determined that there was an increase based on the use of additives. In contrary to our results, Turan and Soycan Önenç (2018) stated that the use of 300 mg and 500 mg of CEO affected RFV positively. However, increased NDF in experimental groups caused to decreased in the RFV. One of the most commonly used measure of forage quality has NDF, which stimulated chewing, salivation, and thus enhances ruminal fermentation and milk fat production (Cao et al., 2013) . Additionally, in the rainfall areas, the last cutting alfalfa cannot be dried. It was more advantageous to ensilage alfalfa when compared to the wilting alfalfa RFV value (130.11).
CONCLUSIONS
The high levels (high level,600 mg/kg wet alfalfa; versus, 200 or 300 mg/kg wet alfalfa) of essential oils used in the study, the increase in LAB counts in comparison to the CONT group, the decrease of pH, TMAB, yeast and mould counts emerged due to the selective antimicrobial effect of essential oils. In addition, ME ESOM content calculated through ESOM amount increased in OEO and CINEO treatments. However, the RFV of silage decresed OEO, CEO and CINEO treatments by means of NDF and ADF increased. The NDF ratio affected rumen pH, which was especially important for rumen health.
